OBJECTIVE: To ®nd out whether coronary atherosclerotic lesions and their precursors in male adolescents are associated with the amount of mesenteric and omental fat. SUBJECTS: A series of 40 forensic autopsy cases of ante-mortem healthy boys of 13 ± 19 y of age were investigated. METHODS: Body height and weight, waist and hip circumferences and the thickness of the abdominal subcutaneous fat were measured, the body mass index (BMI) and waist-to-hip ratio (WHR) were calculated, and omental and mesenteric fat deposits were weighed. The intimal surface of the coronary arteries covered by lesions was measured by planimetry, and the thickness of the intima was measured by computerized image analysis. Intimal macrophage foam cells and smooth muscle cells were detected by immunohistochemisty, and macrophages were quanti®ed. RESULTS: The intima thickness of the left anterior descending artery (LAD) and in the thickest lesion varied signi®cantly across the tertiles of visceral fat when adjusted for age, being highest when the sum weight of omental and mesenteric fat exceeded 358 g. The intima thickness of the circum¯ex artery (CX) varied signi®cantly across the tertiles of waist circumference when adjusted for age. No statistically signi®cant associations with other indicators of obesity were found. Macrophage foam cells were present in the lesions and their maximal densityamm 2 correlated signi®cantly with intima thickness in the LAD and CX. The maximal density of macrophages in CX and the right coronary artery (RCA) and in the thickest lesion varied signi®cantly across the tertiles of visceral fat when adjusted for age, being highest when the amount of fat exceeded 358 g. The macrophage density also varied signi®cantly across the tertiles of waist circumference in all vessels.
Introduction
Coronary heart disease and the metabolic syndrome probably have their origins in childhood. The metabolic syndrome is a combination of many cardiovascular risk factors, which begin to appear and cluster in childhood and adolescence, eg obesity, insulin resistance, elevated serum lipids and elevated blood pressure. 1 ± 5 There is also evidence that the metabolic syndrome may have its origins during fetal development. 6 The ®rst fatty streaks in the coronary arteries are observed in the second decade of life. 7 According to a previous retrospective survey, coronary fatty streaks had been reported only on the autopsy reports of children under 15 y of age having ponderal indices (kgam 3 ) and relative weights (percentage deviation of weight from the mean weight for height) above the average. 8 The metabolically active visceral fat is considered a major component of the metabolic syndrome. Free fatty acids are released from the visceral fat cells into the portal venous system, which leads to an increase in gluconeogenesis, impairment of metabolism and action of insulin and increased lipoprotein synthesis. 9 Modern imaging methods have made it possible to study the amount of visceral fat, and there are some reports on the size of these deposits in young individuals as evaluated by computerized tomography 10 and magnetic resonance imaging. 11 We have previously found a positive association between abdominal obesity and the severity of coronary lesions in autopsy studies on adult individuals without any clinical diagnosis of cardiovascular disease. 12, 13 It has been suggested that adolescence is a sensitive period for the development of abdominal obesity and that visceral fat could be related to lipid disorders and glucose intolerance in obese children and adolescents. 10, 14 We have now designed a prospective autopsy study to ®nd out whether the size of the visceral fat deposits is associated with the actual severity of the coronary atherosclerotic lesions and their precursors in adolescents. This paper reports results from a series of forensic autopsies of male individuals aged from 13 to 19 y who died violently and did not have any ante mortem diseases.
Methods

Subjects
The material was collected from medico-legal autopsies performed at the Department of Forensic Medicine, University of Oulu, Finland, during 1995 ± 1999. Forty boys from 13 to 19 y of age had been examined. The subjects were not reported to have suffered from any ante mortem disease, and individuals with marked changes in body structure, such as severe crush injuries or marked changes in body weight had been excluded. The cases consisted of violent deaths from accidental causes, mainly traf®c accidents, drownings and three suicides by hanging and one by shooting. The cadavers were stored in a cold room with a constant ambient temperature of 4 C, and the postmortem period was not allowed to exceed 3 days.
Data on the cases were collected from the medical records and police records as described in our earlier study. 12 Anthropometric measurements and stage of pubertal development Height (cm), weight (kg), waist circumference (cm), hip circumference (cm) and the thickness of the abdominal subcutaneous fat (mm) were measured by two autopsy technicians trained for the purpose. The levels for measuring the circumferences and fat thickness were based on the same skeletal reference points as used for clinical purposes, 15 and the cadavers were lying naked in supine position on the autopsy table during the procedure. The measurements were made immediately after removal from the cold room to the autopsy table. Body mass index (BMI, weight divided by height squared) and waist-to-hip ratio (WHR) were calculated from the measurements. Relative body weight was determined as the percentage deviation of weight from the mean weight for height according to a growth chart designed for Finnish children by Sorva et al. 16 The stage of pubertal development was de®ned according to the Tanner staging. 17 
Visceral fat
The greater omentum was excised free from intra-abdominal tissues and the mesenteric fat from the gut. These fat deposits were weighed fresh.
Coronary arteries
The coronary arteries were opened longitudinally and the left and right coronary arteries excised along a line around the ori®cies of the left main trunk and the RCA. The left and right arteries were removed en bloc, excising the branches free of surrounding tissue as far as could be judged with the naked eye. They were then trimmed free of the surrounding muscle and fat tissue, placed intimal surface upwards on a piece of cardboard and ®xed in 10% neutral formalin for 24 h. Transversely cut samples 2 mm thick were taken from the lesion-occupied regions of the left anterior descending artery (LAD), the circum¯ex artery (CX) and the right coronary artery (RCA). Samples were taken from the proximal parts of the LAD, CX and RCA when these had no visible lesions. The left main trunk (LM) was very short in about half of the cases and samples were not taken from such vessels.
The arteries were stained overnight at room temperature with Sudan IV. 18 The total area of each vessel and the areas of the lipid-stained lesions were measured planimetrically (Ushikata Area-Curvimeter X-plan 360d, Ushikata Mfg Co. Ltd). The total area covered by the lesions was calculated, and the percentage of the intima covered by lesions was determined according to the formula: (intimal area covered by lesionsatotal intimal area)Â100.
Histology and immunohistochemistry and quanti®cation of macrophages
The paraf®n-embedded coronary artery samples, sectioned transversely at 5 mm, were stained by the Verhoeff-Masson trichrome method, 19 in which collagen is colored green, smooth muscle red and elastic ®bers black. Intimal macrophage foam cells were detected immunohistochemically with CD68 antibody (Dako). Smooth muscle cells were detected with a monoclonal mouse anti-human smooth muscle actin antibody (Dako). Macrophages were counted at a magni®cation of 200Â using a computerized image analysis system. Three intimal areas were measured from the cross-sections in which the lesions were found. The ®elds were selected from the regions where the maximum densities of macrophage cells were seen. Three ®elds were also examined in cross-sections with only a few macrophages and no apparent lesion formation. 20 The results represent means of the three measurements.
Morphometric measurements in coronary artery samples
Only those sections in which all the layers were completely visible without any distortion or other damage produced by tissue processing were chosen for morphometric analysis. The thickness of the intimal layer was measured in the samples in which the intima was of a normal appearance or showed only diffuse thickening. In the samples with intimal lesions the maximal thickness of the intima at each lesion site was measured. All the measurements were made at 40Â magni®cation on a microscope connected to a Visceral fat and coronary pathology in boys M-L Kortelainen and T Sa Èrkioja computerized image analysis system (Imaging Research Inc., Brock University, St Catherines, Canada). The results represent means of at least ®ve measurements made on each vessel.
Statistical analysis
All the analyses were performed using the Statistical Package for the Social Sciences (SPSS) software. All variables except height, body weight and WHR showed some skewness in their distribution, and therefore logarithmic transformation was performed on them. A small constant (0.01) was added to the percentage of coronary plaques and macrophagesamm 2 
Results
According to the Tanner 17 staging there were no prepubertal boys in this material. All the subjects represented stages from 3 to 5. According to the growth chart for Finnish children 16 the relative body weight was above average in 30 cases (75%) and 12 individuals (30%) were considered obese.
Descriptive statistics for the material are presented in Table 1 . The extent of coronary lesions ranged from 0 to 16%, and no signi®cant variation across the tertiles of any indicator of obesity was seen. There were 19 cases in which no fatty streaks were detected macroscopically. Sudanpositive fatty streaks were seen in the LAD in 16 cases, in the CX in 14 cases, in the RCA in 16 cases, and in the LM in eight cases.
The intima thickness or macrophage density of the LM were not used in the statistical analysis because appropriate samples had been obtained only in half of the cases. The intima was thickest in the LAD, followed by RCA and ®nally the CX (Table 1) . Diffuse intimal thickening with smooth muscle proliferation was seen in many of the macroscopically normal arteries. Macrophage-rich lesions were also seen in all the branches of the coronary tree. A macrophage-rich lesion with lipid accumulation is shown in Figure 1 .
Age was generally positively correlated with coronary parameters, but the level of signi®cance was reached only with the intima thickness of the LAD (r 0.353, P 0.035).
Age was not signi®cantly correlated with body weight, BMI or the other measures of obesity. The visceral fat weight was positively associated with body height and weight and all the indicators of obesity, the age-adjusted correlations being most signi®cant with body weight (r 0.703, P 0.000) and waist circumference (r 0.723, P 0.000).
The thickness of the intima of the LAD, CX and RCA was highest in the third tertile of BMI, waist circumference, WHR and visceral fat. The intima thicknesses did not show the same kind of variations across the abdominal fat tertiles. The intima thickness of LAD varied signi®cantly across the tertiles of visceral fat when adjusted for age (Figure 2 ). When the highest intima thickness of LAD, CX or RCA for each case was used as the dependent variable, the variation across the Figure 1 Transverse section of a macrophage-rich lesion in the LAD of an 18-y-old boy with 479 g visceral fat, WHR 0.88 and BMI 22.1. CD68 antibody. I indicates intima; M, media; A, adventitia; and the arrow indicates macrophages. Magni®cation, Â100.
Visceral fat and coronary pathology in boys M-L Kortelainen and T Sa Èrkioja tertiles of visceral fat was also signi®cant (Figure 2 ). The intima thickness of CX varied signi®cantly across the tertiles of waist circumference when adjusted for age ( Figure 3 ). The intima thicknesses of the various vessels did not show any statistically signi®cant variation across the tertiles of BMI or WHR. The maximal density of macrophagesamm 2 varied signi®cantly across the tertiles of visceral fat in CX, RCA and in the thickest lesion (Figure 4) , and across the tertiles of waist circumference in LAD, CX, RCA and in the thickest lesion ( Figure 5) .
The associations between the various coronary parameters were generally positive, the density of macrophagesamm 2 being signi®cantly correlated with intima thickness in the LAD (r 0.406, P 0.016) and CX (r 0.581, P 0.000).
Discussion
Signi®cant positive associations between intima thickness, macrophagesamm 2 and the amount of visceral fat and waist circumference were found in these male adolescents, but the associations with WHR or BMI remained insigni®cant. Visceral fat and waist circumference had varying degrees of association with the coronary plaque pathologies, probably because of different distributions of the intima thickness and plaque composition in the various parts of the coronary tree. In all vessels the associations in question were, however, positive, although not always statistically signi®cant. Many of the individuals in this age group had still been growing and had not yet achieved adult body shape or structure. 
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Therefore WHR is probably not a good indicator of cardiovascular risk in this age group.
Newman et al 3 reported that the visually estimated extent of coronary intimal lesions in 35 persons representing the same age group was not related to obesity when expressed as the ponderal index, and the same was seen in the present material, as the percentage of the intima covered by lesions was not related to BMI or other measures of obesity. The extent of the lesions nevertheless represents only one aspect of the severity of coronary involvement. The type of plaque is considered most important in the clinical course of coronary heart disease. Unstable plaques rich in macrophages and lipids are considered the most dangerous, even if they do not cause any severe narrowing of the vessel, because they have a tendency to erode and rupture, causing acute coronary syndromes. 21 Macrophage-rich plaques in adolescents with large amounts of visceral fat may have a potential to progress rapidly even if the rest of the intimal surface remains less affected or unaffected. Some of these lesions may also regress, especially in those individuals who have not ®nished growing and whose lifestyles could markedly change over the next few years.
The general limitations of autopsy studies that we have mentioned earlier 12, 13 have to be taken into account when interpreting these results. On the other hand, there are advantages which cannot be achieved in clinical surveys on young individuals. It is possible at autopsy to measure the whole size of the visceral fat deposit, and a detailed examination of the whole coronary tree becomes possible.
A predominantly genetic aetiology for the visceral component independent of total body fat has been suggested. 22 The familial etiology of visceral fat level probably involves a major autosomal recessive locus. 23 In the present study no data on the parents' body structure or cardiovascular status were available for analysis. On the other hand, some of the individuals in the present series may have had several years history of more or less regular smoking, which may have affected both their coronary arteries and the accumulation of visceral fat.
In conclusion, the amount of visceral fat is associated with the actual coronary pathology in male adolescents, and this association, although not yet very striking, emphasizes the importance of effective prevention of weight gain and minimizing other cardiovascular risk factors in individuals with a tendency to accumulate visceral fat at an early age.
